(Submitted for publication June 18, 1951; accepted August 27, 1951) In 1937, Kochakian observed that testosterone compounds, when administered to castrate dogs, resulted in nitrogen retention (1) . This coincided with the acquisition of a proportional amount of protein tissue in such animals. An identical effect in man was demonstrated by Kenyon and his co-workers (2), and subsequently by others including Albright, Brown, Butler, Howard, Talbot, Wilkins, and their respective co-workers.
Albright noted that the administration of testosterone to a fat man on a low caloric intake resulted in diminished nitrogen in the urine and cessation of weight loss (3) (Figure 1 ) . 5 The explanation of this phenomenon is not hard to find. The were administered to him in five portions between the hours of 10:00 a.m. and 10:00 p.m. On this diet and on a program of constant activity, he was in weight equilibrium, and his urinary nitrogen averaged 19 gm. daily for a period of more than two weeks prior to the administration of any therapeutic agent other than insulin.
At 8:00 each morning (10 hours after the patient had received his last food and last insulin), fasting blood specimens were obtained for sugar and ketones. Twentyfour hour urine collections were divided into three component portions: the first, from 6:00 to 8:00 a.m.; the second, from 8:00 to 10:00 a.m.; and the third, from 10:00 a.m. to 6:00 a.m. the following morning. Sugar, total ketone, nitrogen, sodium, phosphorus, potassium, and other determinations were carried out in these specimens.
Respiratory quotient determinations were obtained between the hours of 8:00 and 9:00 a.m. daily. All respiratory quotient data are corrected for urinary sugar and urinary nitrogen. Figure 2 .
An agent such as testosterone, therefore, which has a major protein anabolic effect, and which can exert a protein sparing action in individuals on a low calorie intake might produce such an effect by accelerating the rate of fat oxidation. The present investigation was designed to evaluate this possibility.
EXPERIMENTAL CONDITIONS
The patient selected for the study was a 27 year old male with severe diabetes, complicated by severe thyrotoxicosis (his basal metabolic rate was consistently in excess of plus 80%0).6
The nature of the metabolic abnormalities made the production of any desired degree of ketonemia, ketonuria, hyperglycemia, and glycosuria a simple matter. Throughout the study, his dietary intake was in excess of 3900 calories and consisted of 128 gm. of protein, 264 gm. of fat,
METHODS
The urinary glucose was determined by Benedict's method (4) , and the blood sugars by Nelson's modification of the Somogyi procedure (5) . The blood and urinary ketones were quantitated by the method of Barnes and Wick (6) (this study was carried out prior to the development of the method of Michaels and associates, Paper I of this series), and the urinary nitrogens by the Kirk modification of the Kjeldahl procedure (7). Respiratory quotients were determined with the use of a closed circulating system in which the oxygen was measured by a precision wet test meter, and the carbon dioxide was absorbed in a solution of sodium hydroxide. The carbonate formed was quantitated in a Van Slyke manometric blood gas apparatus (8) . As noted above, all respiratory quotient values were corrected for urinary sugar and for urinary nitrogen. The total amount of urinary ketones was not of sufficient magnitude to warrant the use of a correction factor.
RESULTS OF METABOLIC STUDY
In Figure 3 are shown the data dealing with urinary sugar, ketones, and nitrogen, fasting blood sugar and ketones, respiratory quotient, basal oxygen consumption, and daily weight, obtained over a period of 25 days in the man above described. Because of the length of the study, only four days of control are shown. The patient, however, had been in a state of essential equilibrium for a period of two weeks prior to the administra- Prior to the administration of testosterone, he had been very irritable in the early morning. This perhaps was attributable in part to the lack of adequate carbohydrate combustion and to the moderate ketosis. Within the three days following the beginning of testosterone administration, a most impressive change occurred in the clinical picture. He awakened spontaneously, was thoroughly cooperative, and, although still quite hyperkinetic (as one would expect in any individual with a basal metabolic rate in excess of plus 80), became a model patient. Prior to this, quite close supervision had been necessary to make sure that diet, activity, and medication were constant.
Additional studies
In addition to the studies just noted, determinations of urinary phosphorus, potassium, sodium, and other constituents were carried out during the first 25 days and also during periods of withdrawal and resumption of testosterone administration and administration of other hormonal agents. These studies will be described elsewhere in conjunction with similar studies in patients with uncomplicated thyrotoxicosis and uncomplicated diabetes. Suffice it to say for the present, that when testosterone was withdrawn prompt "rebound" occurred in terms of increased urinary nitrogen, sugar, ketones, and rapid deterioration in the clinical status of the patient.
DISCUSSION
The administration of testosterone propionate in adequate dosage to a patient with severe diabetes mellitus, associated with severe thyrotoxicosis, produced major metabolic changes which may be summarized as follows: Interpretation of the preceding observations is not too simple. A portion of the interpretations must at the present time be speculative.
Factual interpretations
1. The energy requirement in this patient was not diminished.
2. The fall in fasting blood sugar and in urinary sugar appears to be attributable largely or entirely to decreased protein catabolism. Inspection of Figure 1 reveals that the decrease in urinary sugar and the fall in dextrose equivalent of nitrogen (D/N = 3.65) are reasonably parallel.
3. Consequently there was little or no increased energy derived from glucose inasmuch as the changes in blood sugar could be accounted for almost entirely on the basis of decreased carbohydrate formation rather than increased carbohydrate utilization.
4. Since the patient actually gained weight, had no increased calories available from carbohydrate, diminished calories available from protein, and had no decrease in energy requirement, it appears that he must of necessity have had an increased catabolism of fat.
5. Despite such increased fat catabolism, the blood and urinary ketones fell to an extreme degree.
Speculative interpretations
The observation of decreased blood and urinary ketones despite an increase in fat catabolism suggests that testosterone propionate in this patient may have:
1. Decreased the rate of ketone formation from fatty acids, or 2. Increased the rate of ketone utilization. Other studies will attempt to elucidate the mechanisms involved.
SUMMARY
A patient with severe diabetes mellitus associated with severe thyrotoxicosis, on a chemically constant dietary intake and constant insulin therapy, during the administration of 150 mg. of testosterone propionate daily manifested a fall in urinary sugar, nitrogen, and ketones of quite marked degree.
It is suggested that under these experimental conditions, the changes observed may have been due in part at least to a direct effect of testosterone upon fat or ketone metabolism.
